There was no significant difference in the ease of intubation between the 'sniffing' and the neutral position when using the KingVision and the C-MAC videolaryngoscopes.
Introduction
The 'sniffing' position is traditionally considered the optimal head and neck position for direct laryngoscopy [1, 2] . The Difficult Airway Society (DAS) 2015 guidelines state that the patient should be optimally positioned before induction of anaesthesia [3, 4] . Therefore, when a patient is in the 'sniffing' position before induction of anaesthesia and the initial attempt at direct laryngoscopy proves difficult, most anaesthetists are likely to use the same position to proceed with videolaryngoscopy. A suboptimal position could result in a 'wasted attempt' at laryngoscopy and further repeated attempts can be associated with poor outcomes [5, 6] .
Videolaryngoscopy is now widely used as a rescue technique for failed direct laryngoscopy [7] . The design of videolaryngoscopes and the technique of videolaryngoscopy differ from direct laryngoscopy. Most videolaryngoscopes have acute-angled blades with a camera positioned at the distal end of the blade, therefore, the placement of the tracheal tube is a video-guided procedure which differs from direct laryngoscopy [8, 9] . The successful placement of the tracheal tube during videolaryngoscopy may depend on several factors including the head and neck position [10] .
The ideal head and neck position for videolaryngoscopy has not yet been described. Intuitively, the 'sniffing' position might not be advantageous when performing videolaryngoscopy, as the need to align the three anatomical axes to obtain a direct view of the glottis is not necessary. One of the technical difficulties associated with videolaryngoscopy is impingement of the tracheal tube or of the gum elastic bougie on the anterior wall of the trachea [11] . When this occurs soon after passing the tracheal tube or bougie through the vocal cords, it can result in a failed tracheal intubation attempt.
Our hypothesis was that the impingement of the tracheal tube on the anterior tracheal wall is more likely to occur in the 'sniffing' position due to lower cervical spine flexion, when compared with the neutral position. To allow for different device specifications, we performed a randomised controlled trial comparing the effect of the 'sniffing' and neutral positions on the ease of tracheal intubation using a channelled (KingVision â , King Systems, Noblesville, IN, USA) and a non-channelled videolaryngoscope (C-MAC â D-Blade, Karl Storz, Tuttlingen, Germany).
Methods
The study was approved by the National Research Ethics Committee, North-Lancaster, UK. After obtaining written informed consent, adult patients of ASA physical status 1-3, scheduled to undergo elective surgery and requiring tracheal intubation were included in the study. A detailed airway assessment was performed by one of the three investigators and documented on the study proforma for each participant in the study. Patients were not studied if they were deemed to require awake tracheal intubation, tracheal intubation via nasal route, rapid sequence induction, had known oropharyngeal pathology, limited cervical spine movement, were less than 18 years of age, were pregnant or had a BMI > 40 kg.m À2 .
Videolaryngoscopes are broadly classified into channelled and non-channelled [12] . We decided to use one from each type in both studied positions (Fig. 1) . We chose the KingVision as the channelled videolaryngoscope and the C-MAC D-blade as the non-channelled videolaryngoscope with an acuteangled blade, as both devices showed high first-attempt success rate when compared with other videolaryngoscopes [13] .
KingVision is a channelled videolaryngoscope which under normal circumstances does not require the use of a bougie [14] . The bougie was used only in the cases where advancing the tube through the glottis failed either due to a suboptimal view or due to impingement which could not be overcome by tube rotation.We chose to use a bougie for all tracheal intubations with the acute-angled C-MAC D-blade videolaryngoscope, as an adjuvant for optimal performance as demonstrated in a previous study [15] .
On arrival in the anaesthetic room, patients were monitored with pulse oximetry, electrocardiography and non-invasive blood pressure measurement. Both the KingVision and the C-MAC videolaryngoscopes were checked, prepared and kept ready to use for each study patient. After completion of the pre-surgical checklist, immediately before pre-oxygenation, the randomisation was revealed. Patients were randomly allocated into one of the four study groups (KingVision 'sniffing', KingVision neutral, C-MAC 'sniffing' and C-MAC neutral) using computer-generated numbers, concealed within sealed, opaque, sequentially numbered envelopes. Opening of the envelope revealed the position to be allocated and the device to be used for intubation in that position. It was not possible to blind the investigators or other healthcare professionals, either to the allocated position or the videolaryngoscope used.
All patients were pre-oxygenated using an adequately sized facemask, in a [15] [16] [17] [18] [19] [20] o head up position, to achieve a fractional ETO 2 of at least 0.8 before induction of anaesthesia.
General anaesthesia was induced with fentanyl or remifentanil and propofol followed by neuromuscular blockade using either atracurium or rocuronium. After loss of consciousness was achieved, facemask ventilation was commenced and anaesthesia was maintained with a volatile anaesthetic agent (age-adjusted minimum alveolar concentration of 1.0). Neuromuscular block was monitored using train-of-four stimulation of the ulnar nerve.
The 'sniffing' position was achieved by placing a standard 7-cm high positioning non-compressible pad provided with the Oxford Help â Pillow (Alma Medical, Oxford, UK) under the head and adjusting the bed headrest to elevate the occiput to achieve flexion of the neck and extension at the atlanto-occipital joint. The appropriateness of the 'sniffing' position achieved was then assessed for each patient by observing the external auditory meatus and the sternal notch brought in the same plane [16] . The neutral position was achieved by not placing any pillow under the head to avoid any degree of flexion of the lower cervical spine or extension of the atlanto-occipital joint.
For intubations with the KingVision, the tracheal tube was loaded in the channel of the blade before insertion into the oral cavity and once a view of the glottis had been obtained, the tube was advanced into the trachea. If required, the tube was rotated to align it with the glottis. For intubations with the C-MAC, a 14 French gauge bougie (Frova â airway intubation catheter, William Cook Europe, Bjaeverskov, Denmark) was passed into the trachea and the tracheal tube was railroaded over it. The distal end of the bougie was manually pre-shaped to mirror the curvature of the CMAC D-blade just before each intubation attempt. If there was any hold-up immediately after passing the bougie through the vocal cords, it was rotated laterally so that the angle tip faced the lateral wall of trachea. While railroading the tube, if there was any impingement at the level of arytenoids, the tube was withdrawn slightly, rotated anti-clockwise and then advanced [17] . All videolaryngoscopies were performed by one of three investigators, experienced in the use of both videolaryngoscopes (more than 50 intubations with each device), to ensure the same standard in the technique of videolaryngoscopy. The primary outcome measure was the modified intubation difficulty scale (mIDS) score. We modified the intubation difficulty scale described by Adnet and colleagues [18] for direct laryngoscopy. We included the percentage of glottic opening (POGO) validated by Levitan [19] instead of the originally described Cormack and Lehane grade of laryngoscopic view and we also included the use of a bougie, the need for bougie rotation once passed through the vocal cords, tracheal tube impingement and tracheal tube rotation in the alternative intubation techniques (Appendix 1).
During laryngoscopy and intubation, the laryngoscopy time, intubation time, mIDS score and the laryngoscopic view as POGO, were recorded. The laryngoscopy time was defined as the time from when the laryngoscope was introduced into the oral cavity until the best laryngoscopic view was obtained. The intubation time was the time from when the laryngoscope was introduced into the oral cavity until the first capnography waveform was obtained. In addition, the number of attempts required for completing the tracheal intubation was also recorded.
Sample size was calculated based on analysis of the primary outcome being the ease of tracheal intubation as determined by mIDS score. The means and standard deviations of the mIDS for the different videolaryngoscopes compared in previous studies [20] [21] [22] [23] [24] were estimated using formulae derived by Wan et al. [25] . The effect sizes based on the estimates were then calculated for each study using G*Power software (version 3.1.9.2, D€ usseldorf, Germany) and ranged from 0.27 to 0.84. For this study, the lower limit of this range was employed. Sample size estimation using G*Power software setting the a-error at 0.05 and the study power of 0.85 yielded a total sample size of 44 per group. We decided to recruit 50 patients per group to accommodate dropouts and any incomplete data. The data for mIDS scores and laryngoscopic view were analysed using the Kruskal-Wallis test and the factorial ANOVA test was used for the laryngoscopy times and the intubation times [26] . Statistical significance was taken as p value < 0.05. Analysis was carried out using statistical software SPSS (Version 18, SPSS Inc., Chicago, IL, USA).
Results
In total, 200 patients were randomly allocated into four study groups (Fig. 2) . Baseline patient and airway characteristics are given in Table 1 . There were no statistically significant differences in the mIDS scores between the four groups ( Fig. 3 and 4 and Table 2 ). The laryngoscopy time, intubation time and POGO scores were as shown in Table 2 .
The first-attempt success rate was 96% for C-MAC neutral group and 94% in the other three groups. In KingVision and C-MAC 'sniffing' groups, two patients required two attempts and one patient required a third attempt at tracheal intubation. Two patients in C-MAC neutral and three patients in KingVision neutral group required two attempts at tracheal intubation.Tracheal tube rotation for intubations performed with the KingVision videolaryngoscope and rotations of the bougie or the tracheal tube after passing through the glottic opening for the intubations performed with the C-MAC videolaryngoscope, were the most common additional manoeuvres required in both positions.
Discussion
To our knowledge this is the first randomised trial directly comparing the 'sniffing' and the neutral position for videolaryngoscopy. Using mIDS as an outcome measure, we were not able to demonstrate any difference between the two positions in terms of ease of tracheal intubation when using KingVision and C-MAC D-Blade. The 'sniffing' position is considered the optimal position for direct laryngoscopy and at the time of an unanticipated difficulty in intubation, most patients are likely to be in this position [3, 4] . Progression through the unanticipated difficulty in intubation management algorithm involves the use of an alternative laryngoscope which might well be a videolaryngoscope [7] . Our study suggests that a further attempt at using an alternate laryngoscope can be continued in the same position.
Despite this, we cannot recommend that this neutral position is routinely adopted in cases when videolaryngoscope is used as a first-line device. The 'sniffing' position has other well-described advantages related to improved and more rapid pre-oxygenation, improved airway patency, respiratory dynamics and minimising risk of aspiration [3, 27, 28] . The 'sniffing' position would also be of benefit in cases when the attempts at tracheal intubation with a videolaryngoscope used as a first-line device fail, as direct laryngoscopy could then be employed without the need to change the head and neck position of the patient.
Our finding that tracheal intubation during videolaryngoscopy with the two types of videolaryngoscopes is similar in difficulty regardless of the patient's head and neck position is of relevance to patients with an unstable cervical spine. It is also relevant for patients who have undergone instrumentation and fusion of their cervical column [24, 29] . Based on this finding, one could assume that in situations when mobilising the patient's neck is considered hazardous and manual in-line stabilisation is required during tracheal intubation, videolaryngoscopy could potentially offer benefits over direct laryngoscopy.
Aziz et al. in a secondary analysis of a comparative videolaryngoscopy trial, found that a supine 'sniffing' position was associated with a higher risk of difficult videolaryngoscopy in comparison with a supine neutral position [10] . Our study, however, did not confirm this finding. This is likely due to significant differences in the design of the two studies. Our single centre study did not specifically target patients with predicted difficult airways. The variable experience of the operators could be another contributing factor influencing difficult videolaryngosopy in their study. In our study, tracheal intubations were performed by three experienced anaesthetists, who had performed more than 50 prior intubations with each device. We achieved the neutral position by placing the patient supine, with no head or neck support, whereas a standard gel/pillow headrest has been used in the previous study [10] .
Any position that decreases the space between the sternum and the mentum might offer less space for the insertion of the videolaryngoscope into the oral cavity. This may lead to a decreased field of view and accentuate the disparity between the posterior angle of Figure 2 CONSORT diagram for allocation, follow-up and analysis of study participants. the trachea in its intrathoracic descent and the angle of the videolaryngoscope blade at the base of the tongue [11] . The latter especially is further exacerbated by the overextension of the atlanto-occipital joint. Mouth opening and jaw distraction can be optimised by keeping the face plane of the patient parallel to the ceiling and by avoiding overextension at the atlanto-occipital joint [11] . The neutral position, or intermediate positions closer to this, could be advantageous in that respect and should be considered if difficulties are encountered.
The first-attempt success rate in our study is comparable with previous studies of the C-MAC D-blade videolaryngoscope, which reported first-time success rates of between 93% [10] and 100% [30, 31] . A recent randomised trial of the KingVision videolaryngoscope in the general surgical population reported a first-time success rate of 89% [32] . Although there was no statistically significant difference in terms of the ease of intubation between the two studied positions, two patients in the 'sniffing' position group required three attempts to achieve the intubation.
Most acute-angled non-channelled videolaryngoscopes require additional aids such as a pre-formed stylet or a bougie to facilitate tracheal intubation [15] . In our study, we used a bougie for all tracheal intubations with the C-MAC D-Blade. Lateral rotation of the bougie after passing it through the glottic opening to overcome the impingement on the anterior tracheal wall and the rotation of the tracheal tube were the most common additional manoeuvres required in both positions. For channelled videolaryngoscopes, delivering the tracheal tube tip to the glottic opening may require directly lifting the epiglottis or manipulating the device to alter the exiting direction of the tube tip, whereas for non-channelled videolaryngoscopes, the use of a tube introducer (a stylet or a bougie), its rotation, tube rotation or using a specialised tracheal tube, help in making the videolaryngoscopy and the tube advancement easier [11] . Elmsley et al. [33] suggested that a straight flexible tracheal tube design such as a Fastrach wire-reinforced silicone tube (Canada Teleflex Medical, Markham, ON, USA), as well as an anteroposterior rather Figure 3 Box plots for distribution of modified intubation difficulty scale (mIDS) scores for the KingVision 'sniffing', KingVision neutral, C-MAC 'sniffing' and C-MAC neutral groups. *As a bougie was used for all tracheal intubations in C-MAC sniffing and C-MAC neutral groups, mIDS values for C-MAC were adjusted to eliminate the effect of bougie use (mIDS score for each patient in C-MAC groups = total score recorded -1). 0.010 *A bougie was used for all tracheal intubations with C-MAC sniffing and C-MAC neutral groups, mIDS values for C-MAC are adjusted to eliminate the effect of bougie use (mIDS score for each patient in C-MAC groups = total score recorded -1).
than a left-orientated bevel could overcome the tube impingement during insertion. There are certain limitations to our study. First our results may not be extrapolated to specific patient populations such as paediatrics (a certain initial position might be preferred for direct laryngoscopy depending on the age of the child), obstetrics or the morbidly obese. More research to ascertain the ideal head and neck position for videolaryngoscopy is needed in these patient sub-groups. The 'ramped' position, when compared with other head and neck positions, prolongs the time to desaturation in the obese patients [27, 28] . Therefore, intuitively it should be better suited as a starting position for acute-angled videolaryngoscopy in these patients. Second, we did not target patients with features of anticipated difficult airways. Therefore, our results may not be applicable to this group. Third, we only used two videolaryngoscopes and the difficulty encountered may also depend on the type of videolaryngoscope. Hence, we cannot extrapolate the results to other videolaryngoscopes, as each device is slightly different in design, with different blade angles and capabilities to displace the tongue and other oropharyngeal structures when facilitating tracheal intubation. An area of future research could be a randomised multicentre trial comparing the 'ramped' position with the 'sniffing', neutral or other 'head-elevated' positions when performing videolaryngoscopy in the obese or in patients with anticipated difficult intubation. Finally, our study was not blinded.
In conclusion, we could not demonstrate any difference in the ease of intubation between the 'sniffing' and the neutral position in patients undergoing tracheal intubation when using a channelled (King Vision) and a non-channelled (C-MAC D-blade) videolaryngoscope. Like direct laryngoscopy, videolaryngoscopy should be regarded as a dynamic process in which a change in position of the patient's head and neck should be considered if difficulties during intubation are encountered.
